The aim of this study was to evaluate radiomorphometric indices in dental panoramic radiographs in order to identify possible interrelationships between these indices and the sex and age of the patients analyzed. The study included 1287 digital panoramic radiographic images of patients that were grouped into five age groups (1 = age 17-20; 2 = age 21-35; 3 = age 36-55; 4 = age 56-69; 5 = over age 70). Two indices-cortical width at the gonion (GI) and below the mental foramen (MI)-were measured bilaterally in all panoramic radiographs. Statistical analysis was performed with Kruskal-Wallis and Mann-Whitney tests (alpha = 0.05). Results for the indices measurements showed significant differences among patient age groups of both sexes, considering that groups 4 and 5 presented lower values for the cortical width of both indices. The present paper supports the role of sex-and age-related changes in mandibular radiomorphometric indices in identifying skeletal osteopenia.
Introduction
Osteoporosis is a well-known and common systemic skeletal disease, characterized by low bone mass and microarchitectural deterioration of bone tissue, with subsequent increase in bone fragility and risk of fractures [1] . Bone tissue undergoes constant change caused by the simultaneous processes of decay (resorption) and formation (regeneration), generally termed as bone remodeling [2] . This turnover ensures the continuous replacement of old bone tissue, which, in turn, affects bone adaptation to various mechanical forces exerted on the skeleton [3] .
The detection of an eroded or thin inferior cortex of the mandible on dental panoramic radiographs may be useful for identifying patients with low bone mineral density (BMD), skeletal osteopenia, or osteoporosis [4, 5] . A number of studies have revealed significant correlations between BMD of the mandible and that of the most frequent sites of osteoporosis, namely, the lumbar spine, the femoral neck, and the forearm [1, 4, 6] .
Although osteoporosis has been established as an important disease in postmenopausal women [7, 8] , its effect on mandibular bone quality has also been described by a few studies in men [9, 10] , inferring that sex and age are factors that may influence BMD and the prognosis of osteoporosis [11, 12] . Nevertheless, details on the difference between results for male and female patients of different age groups remain unclear in the literature.
BMD may be assessed using modern recognized techniques such as dual X-ray energy absorptiometry (DXA) [13, 14] . However, osteoporosis may also be diagnosed by analyzing radiomorphometric indices on a panoramic radiograph-an accessible image-obtaining method frequently used in general dentistry. These indices are correlated with mandibular BMD [7, 8, 14] .
Thus, the present study aimed at evaluating the measurements of panoramic radiomorphometric indices of the mandible in different age groups and also at comparing the results for male and female patients.
Materials and Methods

2.1.
Sample. The patient sample was selected from the archives of the Ribeirão Preto School of Dentistry of the University of São Paulo and consisted of males who had undergone a dental panoramic radiographic examination between March 2007 and June 2010 as part of their dental treatment. Records and digital dental panoramic radiographs (DDPRs) of 1287 patients were examined. Of these patients, 503 were male, and 784 were female. Patients were previously grouped according to five age groups (1 = age 17-20 years; 2 = age 21-35; 3 = age 36-55; 4 = age 56-69; 5 = over age 70). All DDPRs had been taken using a Veraviewepocs Digital panoramic radiography unit (J. Morita Co. Digital, Brazil). This study was approved by the Ethics Committee (CEP) of the Piracicaba Dental School, State University of Campinas.
Radiographic Assessment.
All panoramic radiographic measurements were performed by a single trained observer, using a specific computer software program (Radioimp 2.0, Radiomemory, Belo-Horizonte, Brazil). The measurements were compensated by magnifying the panoramic imaging. Two indices, namely, cortical width at the gonion (GI) and below the mental foramen (MI), were measured bilaterally in all panoramic radiographs. All images were analyzed at a resolution of 300 dpi, and index values were calculated by applying linear measurements on the panoramic radiographs, with a tool provided by the software.
For GI measurements, one line was positioned parallel to the mandible ramus and another parallel to the mandible corpus. A third line starting from the intersection of the first two lines was finally drawn to obtain the measurement for the GI (Figure 1 ). For the MI measurements, a line was plotted perpendicular to other two lines drawn parallel to the inferior border of the mental foramen and to the inferior border of the mandible corpus ( Figure 2 ).
Assessment of measurement reliability of replicate measurements of distances was carried out using the concordance correlation coefficient (CCC). One observer served as the main observer, and intraobserver reliability was estimated between measures performed 1 week apart.
Statistical Analyses.
The Kruskal-Wallis test was applied to evaluate whether age groups data present statistical significance for each sex analyzed. Additionally, the MannWhitney test was applied to evaluate the significance level of differences between results for the same age groups of different sexes and to evaluate which age groups differ from one another with statistical significance. Pearson's correlation test was also performed in order to assess agreement between measurements for left and right sides.
A 5% level of significance was used to perform the statistical analysis.
Results
The data obtained for all 1287 panoramic radiographs analyzed are presented in Tables 1 and 2 . Patients from age group 1 showed the highest values for both indices, and group 5 presented the lowest values for both indices. Intraobserver reproducibility was showed by the main observer, and the CCC ranged between 0.79 and 0.90 for the measurements.
Statistical analyses showed a significant difference between the results of each group analyzed in both male and female patients, using the Kruskal-Wallis test. A comparison between the results for groups 1 and 2 of different sexes also presented significant differences according to the MannWhitney test (P < 0.05). Correlation between the right and left sides was high for all variables (r = 0.85; P < 0.001) with no significant differences demonstrated (P > 0.05). Therefore, the mean of the right and left sides was used in all statistical analyses.
An analysis of groups 3, 4, and 5 of female patients showed lower results for both, radiomorphometric indices in comparison with these same groups of male patients, with exception of MI values for group 4. Nevertheless, the difference found between these data showed no significance using the Mann-Whitney test (P > 0.05).
Mann-Whitney test was also applied to evaluate which age groups results differ from one another with statistical significance in male (Table 3 ) and female patients (Table 4) . For GI, there were significant differences only between groups 2 and 3, and 3 and 4 in male patients, whereas for MI, significance was observed between groups 2 and 3, 3 and 4, and 4 and 5. In female patients results, for GI, there were significant differences between groups 1 and 2, 2 and 3, and 3 and 4, whereas for MI, significance was observed only between groups 3 and 4 and 4 and 5.
Discussion
Several articles have described the importance of measuring radiomorphometric indices and BMD values for the prevention and diagnosis of osteoporosis [4] [5] [6] [7] [8] [9] [10] . Factors such as sex and age are established as determinants of individual bone quality. Smaller values of indices such as GI and MI in females were already expected owing to the bone loss of women after the fourth decade of life, a finding consistent with other authors [7, 8] . The present results confirm significantly that a patient's age-related changes interfere with bone quality importantly in male patients as well supported by another similar study [9] .
The comparison made by the present study among all radiomorphometric index results for all different patient age groups supports other articles in the literature [10, 11] , insofar as younger men patients (group 1) showed significantly higher bone index measures for the indices studied, and among the female patients, group 5 showed the lowest index measures. Statistical analysis performed with MannWhitney test indicated a significant difference between some of the age groups results but in a different way for each index and patient sex. Interestingly, significant differences were observed more often for MI in male patients and for GI in female patients, supporting that sex and age are factors that may influence BMD and the prognosis of osteoporosis, as described by other studies [11, 12] . On the other hand, another study on panoramic radiomorphometric indices encountered no relation between patients' sex and the results for measurements in a Turkish population [10] , which indicates that there still is a controversy in the literature. Table 3 : Results for the statistical analysis of differences between male age groups results.
Radiomorphometric index Age groups compared
Mann-Whitney test result GI 1 and 2 P = 0.1764 2 and 3 P < 0.001 3 and 4 P < 0.001 4 and 5 P = 0.1024 MI 1 and 2 P = 0.1032 2 and 3 P < 0.001 3 and 4 P < 0.001 4 and 5 P = 0.0095 Table 4 : Results for the statistical analysis of differences between female age groups results.
Mann-Whitney test result This study also strove to make comparisons between results for each group of different sexes analyzed, considering that female patients showed lower results for MI and GI in all age groups, with the exception of MI values for group 4. However, statistical analysis of both radiomorphometric indices indicated a significant difference only between results for the males and females of groups 1 and 2. On the other hand, the results were closer for older male and female patients from groups 3, 4, and 5. Furthermore, the fact that male patients of age group 4 presented a lower mean value for MI, when compared to the same group 4 of female patients, is an unexpected finding about the age-related changes of different sexes, since postmenopausal women are affected by bone loss and usually present lower values for panoramic radiomorphometric indices than other sex and age groups [7, 8] . Therefore, this finding also stresses the importance of conducting further studies on osteoporosis in men.
In this study, no differences regarding dental status or other such data were assessed. This issue has been cited as a confusing parameter and not influential on MI values [12, 15] . Also, the thickness of the cortex at the gonial region has been found to present no marked differences in male patients between dentate and partially dentate and edentulous jaws [16] .
The role of panoramic radiographs in the diagnosis of osteoporosis has already been described in the literature [12] [13] [14] [15] [16] . Some articles have suggested DXA as the gold standard method to evaluate bone quality and occurrence of osteoporosis [11, 14] . However, findings of studies in the literature on both of these methods indicate that the use of panoramic radiography for predicting bone mineral density of the mandible also makes it possible to determine general skeletal bone mineral density loss in patients [14, 15] .
Additionally, specific measurements such as that of the thickness of the mandibular inferior cortex in panoramic radiographs have also been suggested as a way of predicting low BMD in patients [15] . These radiomorphometric data, together with other criteria, such as clinical symptoms and/or family history of osteoporosis, could prove to be a promising instrument in assessing the risk of skeletal osteoporosis. 
Conclusion
The present paper supports the importance of age-related changes in mandibular radiomorphometric indices in identifying skeletal osteopenia and the role of osteoporosis in radiomorphometric index alterations, which can occur significantly and differently in male and female patients.
